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I. INTRODUCTION
One reason to study earthquakes is contributing to reduce
or avoid the damage that some earthquakes trigger. In this
topic, the analysis of seismic records is an important activ-
ity to obtain valuable information about the features of the
seismic waves on a site. For instance, this analysis allows
assessing diverse parameters that have been identified as a
reasonable reference to assess potential damage of seismic
ground motions. In this document, we described some relevant
aspects of the analysis of seismic records with the purpose of
assessing parameters related to the damage potential associated
with earthquakes. For this objective, we applied the computer
code Seismograms Analyzer-e [1]. On the other hand, the
earthquakes that are analyzed in the present document have
in common that in all of them occurred damage in buildings
and unfortunately, people died.
II. ANALYSIS AND PROCESSING OF SEISMIC GROUND
MOTIONS RELATED TO TWO DAMAGING EARTHQUAKES OF
MEXICO
Mexico City recives seismic waves that are generated by
earthquakes that occur in different regions of Mexico. For
instance, Table I shows fundamental data about two damaging
earthquakes that affected to Mexico City. The first earthquake
is known as the Michoaca´n earthquake and it had its epicenter
near to the Coast of Michoaca´n. The second event is Puebla
earthquake and it had its epicenter in the south region of
Puebla.
A. Michoaca´n earthquake of magnitude 8.1 (September 19,
1985)
According to Table I Michoaca´n earthquake of 1985 pro-
duced a maximum PGA (Peak Ground Acceleration) equal to
169 cm/s2 at SCT station located at one of the diverse regions
of soft soil in Mexico City. However, it is important to notice
that the SCT station is located 425 km from the epicenter.
Similarly, this earthquake produced a maximum PGA equal to
33.8 cm/s2 at UNAM station which is located at a rock site in
Mexico City (Table I). Therefore, for this earthquake, the PGA
at the SCT station was 5 times greater than the PGA at the
UNAM station. This type of behaviour during the Michoaca´n
earthquake was the key to confirm the importance of the local
effects in the final features of the seismic waves that arrive
at a specific site. The same earthquake produced a maximum
PGA equal to 258 cm/s2 at Zacatula, Michoaca´n located to
81 km from the epicenter.
B. Puebla earthquake of magnitude 7.1 (September 19, 2017)
One of the particularities of this earthquake is the fact that
it also occurred on September 19 as in the case of the 1985
earthquake. However, in this case, the earthquake occurred
32 years after the 1985 earthquake. Unfortunately, in both
TABLE I. BASIC DATA AND RESULTS RELATED TO SEISMIC RECORDS
OF TWO DAMAGING EARTHQUAKES OF MEXICO
EQ Seismic dist PGA & CAVSTD Warning
station [km] Comp. [cm/s] CAVSTD1
[cm/s2]
Michoacan 1.SCT 425 96.7 1630 Yes
Mexico Mexico
City
NS
09-19-1985 169 1980 Yes
M=8.1 EW
2.UNAM 419.5 31.1 89.3 No
Mexico
City
NS
33.8 55.6 No
EW
3.MCH 81 258 2080 Yes
Zacatula NS
171 1720 Yes
EW
Puebla 1.UNAM 116.4 44.3 183 Yes
Mexico Mexico
City
NS
09-19-2017 51.7 213 Yes
M=7.1 EW
1
In this column the word Yes means that CAVSTD is greater than
156.96 cm/s (0.16 g.s) which is the threshold chosen for this study.
Similarly, the word No means that CAVSTD is not greater than
156.96 cm/s
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earthquakes the amount of damage triggered in Mexico City
was important. According to Table I the Puebla earthquake of
2017 generated a maximum PGA equal to 51.7 cm/s2 at the
UNAM station. This station is located to 116.4 km from the
epicenter and is situated in a rock site.
III. DAMAGE POTENTIAL OF GROUND MOTIONS
The seismic records give us relevant information. For
instance, the seismic records are an essential data for the
appropriate operation of Earthquake Early Warning systems,
because the rapid detection of the size of an earthquake allows
generating useful warnings to evacuate buildings, to activate
special protection protocols, etcetera. At the same time, there
is interest in to know the damage potential related to each
seismic record. For this purpose different parameters have been
proposed. One of these parameters is CAV STD (standard-
ized cumulative absolute velocity) [2]. The computation of
this parameter can give us an idea of the damage potential
of a ground motion. For instance, just when an earthquake
occurred, we can process automatically the seismic record to
compute the CAV STD and the result can be included in a
report that can be sent automatically to diverse stakeholders but
essentially to authorities of civil protection. Then if values of
CAV STD exceed a threshold then the probabilities of damage
in buildings can be considered as relevant. Therefore, in these
cases, the authorities can obtain a rapid assessment of the urban
area to identify the regions with more probabilities to suffer
damage in their buildings and infrastructure. Consequently, this
information can be used as a reference to organize emergency
activities.
For instance, we can use 0.16g.s (156.96 cm/s) [3] for the
threshold of CAVSTD. Therefore, according to this reference
value and the data of Table I, we can identify that if a new
earthquake similar to the Michoaca´n earthquake of 1985 occur
TABLE II. MAIN DATA OF THREE EARTHQUAKES THAT TRIGGERED
DAMAGE IN URBAN AREAS
EQ Seismic dist PGA & CAVSTD Warning
station [km] Comp. [cm/s] CAVSTD2
[cm/s2]
Lorca 1.LOR 4.6 364 211 Yes
Spain Lorca
City
N30W
11-05-2011 154 113 No
M=5.1 E30N
LAquila 1.Aterno 4.85 612 1110 Yes
Italy LAquila
City
EW
04-06-2009
M=6.3
Colima 1.COJ 37 1250 407 Yes
Mexico Cofradia NS
31-05-2007 680 254 Yes
M=5.1 EW
2
In this column the word Yes means that CAVSTD is greater than
156.96 cm/s (0.16 g.s) which is the threshold chosen for this study.
Similarly, the word No means that CAVSTD is not greater than
156.96 cm/s
Fig. 1. The nort-30-west component of the LOR accelerogram obtained in
the 2011 Lorca (Spain) earthquake. This seismic record was processed by
Seismograms Analyzer-e software. [1].
in Mexico we would expect the following: a) the generation
of significant seismic damage in the regions where both the
SCT (Mexico City) and MCH (Zacatula, Michoaca´n) stations
are located; b) a significantly greater concentration of damage
in the SCT region of Mexico City than the concentration of
damage in the UNAM region. This last affirmation is based
on the fact that the maximum CAV STD for the SCT station
is equal to 1980 cm/s which is significantly greater than the
threshold of 156.96 cm/s, and it is also based on the certainty
that the maximum CAV STD for the UNAM station is equal to
89.3 cm/s which is lower than the 156.96 cm/s. Therefore, if
a new earthquake similar to the Michoaca´n earthquake occurs
then the SCT region will require major emergency resources
than the UNAM region.
On the other hand, for the Puebla earthquake of 2017, we
would identify that seismic damage can occur at the buildings
located in the same region than the UNAM station due to the
fact that the maximum CAV STD for this site is equal to 213
cm/s which exceeds the reference value of 156.96 cm/s.
The same previous criteria can be used for the earthquakes
of Table II. For instance, in the Lorca earthquake case, it is
possible to observe that CAV STD value due to the E30N
component does not exceed the reference value of 156.96 cm/s,
but the CAV STD value due to the N30W component is greater
than the mentioned reference value. Therefore, in this case, the
computation of these values suggest that the ground motion
generated by the Lorca earthquake could generate seismic
damage in buildings in the region where the LOR station is
located. For this earthquake, the maximum PGA recorded was
equal to 364 cm/s2 (Fig. 1).
Additionally, we can observe that for the seismic records
of the L’Aquila earthquake and of the Colima earthquake
(Table II), the values of CAV STD exceeds the reference
value of 156 cm/s. Moreover, we also can observe that the
maximum CAV STD for the L’Aquila earthquake is equal to
1110 cm/s for a seismic record with a PGA equal to 612
cm/s2 (Fig. 2). But, for the Colima earthquake, the maximum
CAV STD is equal to 407 cm/s for a seismic record with a
PGA equal to 1250 cm/s2. Therefore, according to the values
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Fig. 2. The east-west component of the Aterno accelerogram obtained in
the 2009 L’Aquila (Italy) earthquake. This seismic record was processed by
Seismograms Analyzer-e software. [1].
of PGA and CAV STD for both the L’Aquila and Colima
earthquakes, respectively, we can observe that there is not
a linear relationship between PGA and CAV STD. However,
in the cases analyzed in the present document the value of
156 cm/s was an appropriate threshold, because in the whole
cases of the present study damage occurred when CAV STD
exceeded 156 cm/s.
IV. CONCLUSIONS AND FUTURE WORKS
According to the preliminary results obtained in the present
study, it is possible to confirm that CAV STD is a reasonable
parameter to assess the damage potential of specific seismic
ground motion. However, in order to do an extensive sensitivity
analysis about the reliability in the threshold equal to 0.16g.s,
it is convenient to compute CAV STD using a significantly
greater database of ground motions than the one used in this
study. This new work will allow examining with major detail
the reliability of CAV STD as an estimator of the damage
potential of seismic ground motions, and at the same time,
this new work could be used to try to define more than one
threshold in function of probabilities of occurrence of different
levels of damage.
V. ACKNOWLEDGMENT
The authors would like to thank to CONACYT and BSC.
REFERENCES
[1] A. Aguilar-Melendez et al., “Seismograms Analyzer-e. Program
for analysis of seismic records,” 2018. [Online]. Available:
https://sites.google.com/site/seismogramsanalyzere/home
[2] C. K. W. and B. Y., “Cumulative absolute velocity (CAV) and seismic
intensity based on the PEER-NGA database,” Earthquake Spectra 28(2),
2012.
[3] EPRI, “Use of cumulative absolute velocity (cav) in determining effects
of small magnitude earthquakes on seismic hazard analysis. in: Electric
power research institute, electric power research institute, palo alto, ca,
prepared by ares corporation inc and norm a abrahamson inc, report no:
Rs1014099).” Springer., 2006.
Armando Aguilar is a Postdoctoral Researcher
Conacyt-BSC in the CASE Department and a
professor of the Faculty of Civil Engineering of
the Universidad Veracruzana.He is a member of the
Sistema Nacional de Investigadores (SNI-C).
Josep De la Puente received his PhD in the Ludwing Maxmillian
University in 2007. His main topic research is about computational
seismology. Currently, he is the manager of the geosciences application group
of the Barcelona Supercomputing Center.
Marisol Monterrubio-Velasco received her PhD from the University
Polite´cnica de Catalunya (Spain) and was a postdoctoral researcher at
Geosciences center, UNAM. At present she is postdoc in the Barcelona
Supercomputing Center. Her research interests focus on computational
physics, statistical analysis and numerical simulation applied to Earth
phenomena (fractal structures, earthquakes behavior, statistical analysis)
Otilio Rojas is a senior researcher at the Barcelona Supercomputing Center
(BSC) and a professor at the Computer Science School of the Universidad
Central de Venezuela (UCV).
E. Ulises Moya-Sanchez is currently, the Artificial Intelligence director
of the State of Jalisco, Mexico. He is a member of the Sistema Nacional
de Investigadores (SNI-C). He earned his Bachelor of Science (Physics) at
Universidad de Guadalajara in 2004, his master degree (medical physics) at
UNAM in 2007 and he received his PhD degree in 2014 from CINVESTAV.
From 2017-2018 he was a postdoctoral researcher in High-Performance
Artificial Intelligence group at Barcelona Supercomputing Center. His
research interests span both high-performance computing and artificial
intelligence.
Octavio Castillo Reyes is a postdoctoral researcher at the Barcelona
Supercomputing Center (BSC) and a partial-time associate professor, Facultad
de Informa´tica, Universitat Polite´cnica de Catalunya.
6th BSC Severo Ochoa Doctoral Symposium
29
